The 399Gln polymorphism in the DNA repair gene XRCC1 modulates the genotoxic response induced in human lymphocytes by the tobacco-specific nitrosamine NNK.
DNA repair plays a critical role in protecting the genome of the cell from the insults of cancer-causing agents such as those found in tobacco smoke. Reduced DNA repair capacity would, therefore, constitute a significant risk factor for smoking-related cancers. Recently, a number of polymorphisms in several DNA repair genes have been discovered, and it is possible that these polymorphisms may affect DNA repair capacity and thus modulate cancer susceptibility in exposed populations. In the current study, we explored the relationship between two polymorphisms in the DNA repair gene XRCC1 (polymorphisms in codons 194 and 399) and the genotoxic response induced by the tobacco-specific nitrosamine, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK). The sister chromatid exchange (SCE) assay was used as a marker of genetic damage. Our results, using whole blood cultures from 47 volunteers, indicated that treatment of cells with 0.24, 0.72 and 1.44 mM of NNK induced a concentration-dependent increase in the mean number of SCE (P<0.001). There was a significant difference (P<0.05) in response to NNK treatment between cells from individuals with the 399Gln allele (either homozygous or heterozygous) and cells from individuals with the homozygous 399 Arg/Arg genotype. Treatment of cells that have the 399Gln allele with 0.24, 0.72 and 1.44 mM NNK resulted in 22.8, 35.8 and 52.8% increases in NNK-induced SCE, respectively. Treatment of cells with the 399 Arg/Arg genotype using the same NNK concentrations resulted in 16.0, 15.5 and 32.6% increases in NNK-induced SCE, respectively. In contrast, no significant difference in NNK-induced SCE was observed between cells with the codon 194 Arg/Arg genotype and cells with the codon 194 Arg/Trp genotype at all concentrations of NNK tested. These data suggest that the Arg399Gln amino acid change may alter the phenotype of the XRCC1 protein, resulting in deficient DNA repair. Our study underscores the important role of polymorphisms in DNA repair genes in influencing the genotoxic responses to environmental mutagens, and justifies additional studies to investigate their potential role in susceptibility to cancer.